Background-Reduced heart rate variability has been identified as an important prognostic factor after myocardial infarction. This factor is thought to reflect an imbalance between sympathetic and parasympathetic activity, which may lead to unfavourable loading conditions and thus promote left ventricular dilatation. Patients and methods-298 patients in a multicentre clinical trial were randomised to captopril or placebo after a first anterior myocardial infarction. All patients were treated with streptokinase before randomisation. In the present substudy full data including heart rate variability and echocardiographic measurements were available from 80 patients. Patients were divided into two groups: those with a reduced (< 25) heart rate variability index and those with normal heart rate variability index (>25). Heart rate variability was evaluated by 24 h Holter monitoring before discharge. Left ventricular volumes were assessed by echocardiography before discharge and three and 12 months after myocardial infarction. Extent of myocardial injury, severity of coronary artery disease, functional class, haemodynamic variables, and medication were also considered as possible determinants of left ventricular dilatation. Results-Before discharge end systolic and end diastolic volumes were not different in the two groups. After 12 months in patients with a reduced heart rate variability, end systolic volume (mean (SD)) had increased by 6 (14) mum2 (P = 0.043) and end diastolic volume had increased by 8 (17) mllm2 (P = 0024). Left ventricular volumes were unchanged in patients with a normal heart rate variability. Also, patients with left ventricular dilatation had a larger enzymatic infarct size and higher heart rates and rate-pressure products. A reduced heart rate variability index before discharge was an independent risk factor for left ventricular dilatation during follow up. Measurement of heart rate variability after three months had no predictive value for this event. Conclusion-Assessment of the heart rate variability index before discharge, but not at three months, gave important additional information for identifying patients at risk ofleft ventricular dilatation.
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Reduced heart rate variability after acute myocardial infarction is an important risk factor for mortality'-3 and life threatening ventricular arrhythmias4 after discharge from hospital. Changes in heart rate variability are thought to reflect an imbalance between sympathetic and parasympathetic activity.7-9 After myocardial infarction, a relative increase in sympathetic activity may result in a higher wall stress by raising loading conditions. An increase in wall stress may enhance dilation of the left ventricle,'01' and by this mechanism increased sympathetic activity may form an important causative factor in the process of left ventricular remodelling.'2 As persisting sympathetic activity after myocardial infarction is usually paralleled by activation of the renin-angiotensin system, wall stress may increase even more, and thus activation of both systems may contribute to progressive dilation of the ventricle.
In this study, we investigated the association between heart rate variability assessed before discharge from hospital and at three months and left ventricular dilatation at one year of follow up after a first anterior myocardial infarction. As heart rate variability can be assessed reliably and reproducibly,"3 14 this may provide important additional information for identifying patients at risk after myocardial infarction.
Patients and methods

PATIENTS
This study was part of the captopril and thrombolysis study (CATS) ASSESSMENT OF HEART RATE VARIABILITY Heart rate variability was assessed at discharge and after three months with an automated procedure described by Malik et al. '6 The width of the frequency distribution curve of all selected RR intervals was used as an index for heart rate variability. This method is independent of the operator and has been validated previously.'6 Also, patients were dichotomised into two groups with heart rate variability indices <25 or >25. It has been shown that patients with a heart rate variability index < 25 have an increased risk for serious arrhythmic events, which suggests a clinically relevant change in autonomic balance.4 These two groups were used to evaluate the association between heart rate variability and left ventricular dilatation during follow up. Tracker Holter recording equipment and a Reynolds pathfinder III analysis system were used for assessment of heart rate variability. This type of analysis system has been validated for measurements of heart rate variability. ' Therefore, data on heart rate variability were available in 175 out of 298 (58%) cases. Table 1 shows the baseline characteristics of all CATS patients and patients that were part of the heart rate variability study. There were no significant differences in age, sex, infarct size, and measures of left ventricular dysfunction between the groups. The mean recording time was 22-8 (3-2) hours (range 4-4 to 26 (90% of recordings > 21 hours)), and 92 849 (22 538) RR intervals were analysed (range 14 426 to 145 033). Before discharge, 74 patients (42%) had a reduced heart rate variability index (<25, mean (SD) 19 -09 (4.06)) and 101 (58%) had a normal heart rate variability index (> 25, mean (SD) 35-43 (8.40)).
A second heart rate variability assessment was available in 120/175 patients (69%) after three months. Serial measurements in this subgroup showed that after three months, heart rate variability had increased both in patients with and without a reduced heart rate variability at discharge. The increase in heart rate variability was more pronounced in patients with an index <25 (increase [11] [12] [13] [14] [15] [16] (7.37) v 5-97 (12) (13) (14) , P = 0-004). After three months, 31/120 (25%) patients who had an (13) 54 (12) LVESVI (ml/mr) 25 (10) 24 (9) LVEF (%) 55 (10) 57 (9 index < 25 at discharge showed an improvement to an index >25 and in 5/120 (4%) patients with an index > 25 at discharge their index had deteriorated to < 25. All other patients did not change category; (70/120 (58%) had an index >25 and 14/120 (11%) had an index < 25).
ECHOCARDIOGRAPHY
Before discharge, an echocardiogram was available in all 175 patients. Assessment of left ventricular volumes was possible in 125/175 cases (71 %). Serial measurements before discharge and after 12 months were available in 80/175 patients (45%). Table 2 shows the echocardiographic follow up of the two groups with and without a reduced heart rate variability at discharge. Before discharge, there was a slight but not significant difference in end systolic volume between the groups. End diastolic volume was also comparable between groups, but wall motion abnormalities were more pronounced in patients with reduced heart rate variability. Ejection fraction was lower before discharge in the group with an index < 25. After three months, both end systolic and end diastolic volumes had increased in patients with a reduced heart rate variability, whereas left ventricular dimensions decreased in patients with an index >25. Between three and 12 months, a small increase in left ventricular volumes was found in both groups. The total increase in systolic and diastolic volume after one year was more pronounced in patients with a reduced heart rate variability. Figure 1 shows changes in end systolic volume in both groups after one year of follow up.
Ejection fraction had remained relatively stable in both groups, but the wall motion score index showed a slight improvement in patients with an index > 25, whereas in patients with a reduced heart rate variability a deterioration of this index was found. Figure  2 shows the percentage of patients with reduced heart rate variability at discharge in five subgroups of left ventricular dilatation. The percentage of patients with a reduced heart rate variability was higher in the subgroups with 5-10, 10-15, and >15 ml/m2 increase in end systolic volume after one year than in patients with no dilatation. fig 3) . After three months, heart rate variability had improved in patients with and without dilatation. This improvement was more pronounced, however, in patients with dilatation, and after three months heart rate variability was no longer different between these groups Figure 4 shows the receiver operator characteristics curve plotted for the heart rate variability index as a predictor of left ventricular dilatation. In this study, the cut off point between normal and abnormal heart rate variability was selected at a heart rate variability index of 25 on the basis of data in the medical 4 This value has a sensitivity of 62% and a specificity of 76% in detecting left ventricular dilatation. In this figure it can be seen that an index of 30 would yield a higher sensitivity of 83%, although this is accompanied by a lower specificity (60%).
The positive predictive value of a heart rate variability index .25 for the occurrence of left ventricular dilatation was 54% (15/28), and the negative predictive value was 83% (43/52).
Discussion
This study shows the predictive value of a reduced heart rate variability before discharge for the occurrence of left ventricular dilatation during follow up after a first anterior myocardial infarction. Assessment of the heart rate variability index before discharge gives important additional information not obtained by considering infarct size or left ventricular dysfunction alone. A decrease in heart rate variability at discharge may reflect persistent sympathetic activation that can be harmful in the early phase of remodelling, when formation of scar tissue is not yet fully complete.2' This is the first study linking persistent sympathetic activation after myocardial infarction to the occurrence of left ventricular dilatation during follow up.
HEART RATE VARIABILITY AS AN INDICATOR FOR NEUROHUMORAL ACTIVATION
A reduced heart rate variability is thought to reflect an imbalance between sympathetic and parasympathetic activity.7-9 Direct stimulation of the vagus nerve22 and the infusion of atropine8 23 or isoproterenol23 cause reproducible shifts in the power spectrum of heart rate variability in normal subjects. In patients with heart failure, it has been shown that a reduced heart rate variability is directly related to plasma noradrenaline concentrations and sympathetic nervous activity of the muscles.7 These studies indicate that changes in heart rate variability reflect changes in autonomic balance.
No studies are available that have shown a relation between a reduced heart rate variability and activation of the renin-angiotensin system. Especially in patients with considerable left ventricular dysfunction, persistent sympathetic activity after myocardial infarction is paralleled by activation of the reninangiotensin system.24 Therefore, heart rate variability after myocardial infarction may well reflect the degree of general neurohumoral activation after myocardial infarction. INFARCT Increased loading conditions lead to higher levels of wall stress and have been shown to promote left ventricular dilatation in humans.10 Increased sympathetic activity, possibly paralleled by activation of the reninangiotensin system, increase preload and afterload due to vasoconstriction and fluid retention, which leads to higher wall stress. Therefore, neurohumoral activation early after myocardial infarction is liable to promote left ventricular dilatation by increasing wall stress in a vulnerable phase of left ventricular remodelling. This is supported by the finding that heart rate variability was reduced in patients with left ventricular dilatation at discharge. After 3 months, however, no difference in heart rate variability could be detected between patients with and without left ventricular dilatation (fig 3) . This suggests that a reduced heart rate variability is only associated with left ventricular dilatation in the early phase after myocardial infarction.
OTHER DETERMINANTS OF LEFT VENTRICULAR DILATATION
Several other possible determinants of left ventricular dilatation were considered in this study ( 
IMPLICATIONS OF THE STUDY
To identify patients at risk of left ventricular dilatation after myocardial infarction is a difficult but important task. Our study confirms the importance of infarct size as a determinant of dilatation. Left ventricular end systolic and end diastolic volume, ejection fraction, and wall motion score have no additive value for the prediction of dilatation one year after myocardial infarction. An occluded infarct related vessel is an independent risk factor for the occurrence of left ventricular dilatation.283233 When present this should be taken into account in assessment of the risk of ventricular dilatation after myocardial infarction. A reduced heart rate variability before discharge as an indicator of persistent neurohumoral activation is also a strong predictor of left ventricular dilatation. Selection of a heart rate variability index of 30 as the cut off point between reduced and normal heart rate variability would improve the sensitivity of this method.
The predictive value of heart rate variability for the occurrence of dilatation is limited to the late period in hospital. This possibly reflects the importance of persistent sympathetic activity in the early (vulnerable) phase of remodelling. Assessment of heart rate variability before discharge can be helpful to identify patients at risk of dilatation after myocardial infarction at little cost in time and manpower.
LLMITATIONS
In this study, a selected population of patients was investigated. Only patients with a first anterior myocardial infarction treated with streptokinase were included. Therefore, results of this study should be extrapolated to other groups of patients with caution. Patients with both small and large infarcts were part of the study, however, and therefore the complete range of left ventricular remodelling was investigated.
In conclusion, assessment of the heart rate variability index before discharge, but not three months later, gives important additional information for identifying patients at risk of left ventricular dilatation after myocardial infarction. This information can be obtained at little cost in time and manpower. The therapeutic strategy for patients with a reduced heart rate variability remains to be established.
